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The association between CRF and mortality has been proposed to persist across the lifetime, with improvement in CRF linked to significant improvement in overall survival. However, few studies have assessed the relationship between changes in CRF over time and risk of mortality [1] [2] [3] , while none have investigated the health benefits, beyond overall survival advantage that any improvement in fitness across life span may have for both HF or AF. In addition, most of the prior studies assessing overall survival, have relied on an indirect estimation of CRF (i.e., treadmill time) 1, 2 or exercise-test based fitness scores 3 . The present study aims to evaluate in detail, the prospective associations of long-term change in directly measured CRF with incident HF and AF in a population-based sample of men from eastern Finland.
Methods
The study population is a representative sample of men living in the city of Kuopio and its surrounding rural communities in Eastern Finland. Subjects were participants in the Kuopio Ischaemic
Heart Disease Risk Factor Study, a longitudinal population-based study designed to investigate risk factors for CVD and related outcomes. Participants were 42-61 years of age during baseline examinations, performed between March 20, 1984 and December 5, 1989 . Of 3,235 potentially randomly selected eligible men, 2,682 (82.9%) volunteered to participate in this study, 186 did not respond to the invitation, and 367 declined to give informed consent. After baseline examinations, repeat assessments were performed in a random sample of participants at year 11. The present analysis is based on 481 men with no missing data on exercise test and covariates, and who had assessments of CRF at baseline and 11-year examination (mean time interval 11.1 (standard deviation, SD 0.37) years). Supplement table 1 shows participant characteristics of those included and not included in the analysis. The study was approved, by the Research Ethics Committee of the University of Eastern Finland, and each participant gave written informed consent.
Maximal oxygen uptake was used as a measure of CRF, which was assessed using a respiratory gas exchange analyzer during maximal symptom-limited cycle ergometer exercise tolerance test. The standardized testing protocol comprised of a 3-minute warm-up at 50 W followed by a step-by-step increase in the workload by 20 W/min with the direct analyses of respiratory gases (Medical Graphics, St.
Paul, Minnesota), and the VO 2 max was defined as the highest value for or the plateau of oxygen uptake 4, 5 .
The assessment of CRF was performed at baseline and repeated at 11-year examination.
A subject was defined a smoker if he had ever smoked on a regular basis. Resting blood pressure was measured between 8:00 and 10:00 AM with a random-zero sphygmomanometer. Alcohol consumption was assessed using the Nordic Alcohol Consumption Descriptive data are presented as means and SD for continuous variables and numbers and percentages for categorical ones. Time-to-event analyses were conducted using Cox proportional hazards models to examine the association of ΔCRF (difference between CRF value at 11 years and baseline) with incident HF after confirming that the assumption of proportionality of hazards was met. Cardiorespiratory fitness was modeled both as continuous (per 1 ml/kg/min and MET increase, where 1 MET corresponds to 3.5 ml/kg/min change in VO2max) and categorical (tertiles) variables. All models were adjusted for age and baseline cardiorespiratory fitness (VO2max) and subsequently adjusted for additional potential confounders (systolic blood pressure (SBP), history of CVD, diabetes, smoking status, resting heart rate, and left ventricular hypertrophy) selected on the basis of their previously established role as risk factors.
To evaluate whether ΔCRF predicted HF and AF independently of incident coronary events during followup, we adjusted for incident acute coronary events, fitting these as a time-dependent covariate. We also performed additional analyses modeling any death as a competing outcome to HF and AF respectively.
The shape of the association with HF and AF risk was assessed by plotting hazard ratios (HRs) calculated within quintiles of Δ CRF level against the mean CRF level within each quintile. Floating variances were 5 used to calculate 95% confidence intervals for the HR in each group, including the reference group, to allow for comparisons across the groups irrespective of the arbitrarily chosen reference category (first quintile) 8 . For tests of interaction a bonferonni corrected P value of 0.01 was taken as significant. Twosided analyses were performed using Stata version 13 (Stata Corp, College Station, TX, USA), and confidence intervals are presented at the 95% level.
Results
At baseline, the mean age of participants was 50.1 (6.5) years and mean baseline VO 2 max was 33.1 (8.0) ml/min*kg; after 11 years, mean ∆VO 2 max was -5.4 (5.4) ml/min*kg ( Table 1) . After a median follow- The relationship between ∆VO 2 max and incident HF and AF is shown in Figure 1 . did not vary markedly by levels of pre-specified established risk factor (Figure 2 ).
Discussion
In this first ever population-based prospective study to examine the associations between directly measured change in CRF over time and risk of developing incident HF and AF, improvement in long-term fitness levels was associated with a significantly lower risk of HF in a graded fashion independent of known CVD risk factors, or death as a competing event. These findings were consistent in clinically relevant subgroups. Incident AF, however, was not related with the long term change in CRF levels seen across time points assessed.
These findings build upon prior work 9 where we have shown that long term improvement in CRF is associated with greater all-cause survival. Previously we reported that a 1 unit improvement in CRF is associated with 9% relative risk reduction for all-cause mortality 9 and here we show that a similar change, of 1 unit increase in CRF (as measured by maximal oxygen uptake, ml/kg/minute) was associated with a 10% reduced risk of incident HF events, corresponding to a 31% risk reduction of incident HF per 1-MET improvement in CRF.
The reduction in the risk of incident HF, with improvement in long term CRF may be a direct physiological effect of exercise and physical training on VO 2 max or secondary to overall reduction in cardiovascular risk factors in individuals who were physically fit. However, these findings persisted even 6 after multivariate adjustment for CVD risk factors at baseline. Although residual confounding and time variate change in risk factors cannot be accounted for in our analysis, these results suggest that mechanisms other than simple cardiovascular risk factor reduction may account for health benefits associated with improved fitness. Regular exercise may increase the capacity of endothelial cells to evoke vasodilatation during early stages of atherosclerosis and thus retarding its progression 10, 11 . Physical activity and fitness also has favorable effects, seen as improvements in cardiac output, left ventricular function, oxygen utilization, and the formation of collateral blood vessels 10, 12, 13 . It has been suggested that physical activity regulates cardiac autonomic function and vagal control of heart rate, therefore reducing risk of ventricular arrhythmias and subsequent risk of HF 14 . Evidence of additional benefits of improved fitness may be via anti-inflammatory pathways as increasing levels of CRF are associated with a reduction in levels of inflammatory markers like C-reactive protein 15, 16 . In addition, improvement in CRF may also accompany modulation of markers of subclinical heart disease including natriuretic peptides and cardiac troponin T levels 17 .
Although we did not observe any association with incident AF, this may be because CRF has a nonlinear, almost J shaped association with AF as previously reported 7 and the small change in CRF observed in our analysis, may not significantly modulate the risk of incident AF to be detected in our analysis.
Further work with longer duration of follow up, greater change in fitness levels and greater number of incident AF events may help ascertain any underlying association of AF with long-term change in fitness.
There are several strengths and limitations that merit consideration. The use of a prospective cohort design, complete follow-up, and detailed information on potential confounders were major strengths. As well as the direct measurement of CRF which prevented largely misclassification of exposure, that has been a limitation in previous studies of fitness and CVD outcomes, including HF and AF outcomes. We acknowledge that the study population, consisting of middle-age Finnish men only; limits generalization of our findings and these results need to be confirmed in other ethnic groups and in women.
We acknowledge that only a subset of participants were randomly sampled at 11 years follow up for measurement of CRF and this may include a bias as only those who were alive at 11 years and able to perform cycle ergometer exercise tolerance test may have been sampled. We were unable to assess the differential impact of change in CRF on risk of HF with preserved versus reduced ejection fraction because there were no data on ventricular function post-HF development. Though many confounders were taken into account to ensure the validity of our results, there was a potential for residual confounding as with all observational studies. The diagnosis of AF was based on hospital discharge diagnosis, physician claims data base and study ECGs on follow up. This however may underestimate the diagnosis in particular paroxysmal AF events in study subjects who may be asymptomatic. In conclusion, the results of this study underline the importance of sustained CRF to reduce the risk of incident HF. Hazard ratios and 95% confidence intervals (CI) refer to a 1 unit increase in Δ cardiorespiratory fitness (1 ml/kg/min of maximal oxygen uptake). Hazard ratios are adjusted for age, baseline VO2max, smoking status, systolic blood pressure, cardiovascular disease, history of diabetes, heart rate, and left ventricular hypertrophy Hazard ratios were adjusted for age, baseline VO2max, smoking status, history of diabetes, history of cardiovascular disease, systolic blood pressure, left ventricular hypertrophy and heart rate. Hazard ratios (HR) were calculated in reference to the first quintile of Δ cardiorespiratory fitness (CRF), and plotted against the mean CRF within each category. 95% CIs were calculated from floating variances (including the reference group) 
